Objective: Impaired consciousness has been incorporated in prediction models that are used in the ICU. The Glasgow Coma Scale has value but is incomplete and cannot be assessed in intubated patients accurately. The Full Outline of UnResponsiveness score may be a better predictor of mortality in critically ill patients. Setting: Thirteen ICUs at five U.S. hospitals. Subjects: One thousand six hundred ninety-five consecutive unselected ICU admissions during a six-month period in 2012. Design: Glasgow Coma Scale and Full Outline of UnResponsiveness score were recorded within 1 hour of admission. Baseline characteristics and physiologic components of the Acute Physiology and Chronic Health Evaluation system, as well as mortality were linked to Glasgow Coma Scale/Full Outline of UnResponsiveness score information. Interventions: None. Measurements and Results: We recruited 1,695 critically ill patients, of which 1,645 with complete data could be linked to data in the Acute Physiology and Chronic Health Evaluation system. The area under the receiver operating characteristic curve of predicting ICU mortality using the Glasgow Coma Scale was 0.715 (95% CI, 0.663-0.768) and using the Full Outline of UnResponsiveness score was 0.742 (95% CI, 0.694-0.790), statistically different (p = 0.001). A similar but nonsignificant difference was found for predicting hospital mortality (p = 0.078). The respiratory and brainstem reflex components of the Full Outline of UnResponsiveness score showed a much wider range of mortality than the verbal component of Glasgow Coma Scale. In multivariable models, the Full Outline of UnResponsiveness score was more useful than the Glasgow Coma Scale for predicting mortality. Conclusions: The Full Outline of UnResponsiveness score might be a better prognostic tool of ICU mortality than the Glasgow Coma Scale in critically ill patients, most likely a result of incorporating brainstem reflexes and respiration into the Full Outline of UnResponsiveness score. (Crit Care Med 2015; 43:439-444) 
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Dr. Kramer reports that he is an employee of Cerner Corporation, which holds the marketing rights to the Acute Physiology and Chronic Health Evaluation (APACHE) system. Part of the data for this study came from APACHE. However, this article does not promote APACHE; any electronic medical record system could have been used to generate the necessary data. Dr. Rohs Jr is employed by the Borgess Medical Center. Dr. Foss is employed by the Shawnee Mission Medical Center (Critical Care Data Coordinator). The remaining authors have disclosed that they do not have any potential conflicts of interest. Despite its predictive value, the GCS has been deficient in measuring key components of neurologic examination used for prognostication and most conspicuously lacks assessment of the brainstem reflexes (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/CCM/B121). In intubated critically ill patients, only two of the three components of the GCS can be assessed. Traumatic brain injury databases have added pupil assessment to the GCS and neuroimaging to improve their models (5, 6) .
The Full Outline of Unresponsiveness (FOUR) score has been developed to overcome these inadequacies ( Fig. 1) (8) . It consists of four components that evaluate eye responses, motor responses, brainstem reflexes, and respiration patterns. Because of its greater neurologic detail, it is possible that the FOUR score may be of more benefit than the GCS in prognosticating mortality in the ICU. Moreover, a recent large multicenter prospective study in critically ill patients found an excellent interrater agreement between paired clinicians (9) . We, therefore, carried out a multicenter, prospective study and compared the accuracy of predicting mortality for both coma scales.
MATERIALS AND METHODS

Study Participants and Data Collected
Prior to starting the study, we undertook a power analysis to determine the probability of detecting a difference in area under the receiver operating characteristic curve (AU-ROC) of 0.03 with a type I error of 0.05 and a hospital mortality rate of 12%. For a power = 0.80, we needed to include 1,350 patients, and a power = 0.90 required 1,700 patients.
Five hospitals participated in the study. They were selected because they were using the Acute Physiology and Chronic Health Evaluation (APACHE) IV clinical information system (which would allow for linking LOC data to patient characteristics and outcomes) and they had agreed to provide the necessary personnel to perform the required data collection. All sites received institutional review board permission before taking part in this study.
Data were collected for consecutive unselected ICU admissions during a 6-month period. A designated clinician(s) at each site received prior FOUR score training. An initial letter from one of the authors (E.F.W.) described the FOUR score, followed by education provided by an experienced critical care nurse. The educational session was onsite and web based, focusing on assessment parameters for eye and motor response, brainstem reflexes, and patterns of respiration. Each site was provided with FOUR score evaluation cards and access to an educational CD. The designated clinician recorded each patient's GCS and FOUR score within 1 hour after ICU admission, alternating between recording the GCS first and recording the FOUR score first for every two patients. It is customary to not record a score for the verbal component of the GCS if a patient was intubated or receiving mechanical ventilation. To reflect actual practice, we left it up to the judgment of each assessor whether or not to record a score for the verbal component of the GCS if a patient is thumbs-up, fist, or peace sign; 3 is localizing to pain; 2 is flexion response to pain; 1 is extension response to pain; 0 is no response to pain or generalized myoclonus status. Brainstem reflexes (B): 4 is pupil and corneal reflexes present; 3 is one pupil wide and fixed; 2 is pupil or corneal reflexes absent; 1 is pupil and corneal reflexes absent; 0 is absent pupil, corneal, and cough reflex. Respiration (R): 4 is not intubated, regular breathing pattern; 3 is not intubated, Cheyne-Stokes breathing pattern; 2 is not intubated, irregular breathing; 1 is breathes above ventilatory rate; 0 is breathes at ventilator rate or apnea.
was intubated or receiving mechanical ventilation. If a verbal score was not given, then it assumed the lowest value, i.e., one. The sum of each score's components yielded the composite score used in all analyses (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/CCM/B121).
Electronic health information obtained for every patient by the APACHE system included physiologic components of the APACHE score on day 1, age, gender, race, mechanical ventilation on day 1, ICU mortality, and hospital mortality. These data were subsequently linked with GCS and FOUR score measurements of an each patient.
Statistical Methodology
The AU-ROC and 95% CI were calculated for the GCS predicting ICU mortality and hospital mortality, respectively. The same analysis was done using the FOUR score as the predictor. Because the measurements were taken on the same patients, they are correlated; thus traditional statistical tests would underestimate the type I error (10) . Therefore, we tested the difference between AU-ROCs using the formula suggested by DeLong et al (11) .
We created logistic regression models of ICU and hospital mortality, respectively, with the following variables for each patient: GCS or FOUR score, male gender, age, patient placed on a ventilator during day 1, duration between hospital admission and ICU admission, readmission (only for ICU mortality model), and the interaction between the GCS or FOUR score and being placed on a ventilator. These variables were chosen because they were shown to be important predictors of mortality (1) and were available on all patients.
Using the resultant logistic regression models, we created plots of predicted mortality across values of the GCS and FOUR score, respectively. Values for all variables except GCS were set at their mean value. Because the ranges for the GCS and FOUR score, respectively, are different, odds ratios were calculated for a change in 25% in each measurement's range: three points for the GCS and four points for the FOUR score.
Sensitivity Analysis
We imputed a GCS verbal component of one when the original measurement was missing. To ensure that this did not incur a bias against the GCS, we deleted patients with a missing GCS verbal score and repeated the multivariable logistic regression analysis of hospital mortality. Second, we computed the mortality rate by the components of the GCS and FOUR score for elucidating where the differences (if any) in prediction might be attributable.
All statistical analyses were carried out using SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS
Hospitals and ICUs
Characteristics of the five hospitals participating in the study are given in Appendix 2 (Supplemental Digital Content 2, http:// links.lww.com/CCM/B122). Three were teaching hospitals; three were located in the Midwest, one in the Southeast, and one in the mid-Atlantic; bed size was approximately 400-500 at four sites; and three included multiple ICUs in their data collection. There were a total of 13 ICUs among the five hospitals. Seven were mixed medical/surgical units, three were trauma/neurologic units, two were coronary care units, and one was a medical unit.
Patient Recruitment and Characteristics
A total of 1,695 patients were recruited. Of these, 1,645 (97.1%) could be linked to the APACHE database and were not missing data. On the basis of a priori power analysis, this number of patients allowed for an 85-90% probability of detecting a difference of greater than or equal to 0.03 between AU-ROC values.
Characteristics of the patients are shown in Table 1 . ICU mortality was 7.8% and hospital mortality was 11.6%. About a third of the patients were ventilated on day 1 and 2.4% were readmissions. In terms of diagnosis, 19.7% of admissions were for neurologic diagnoses and 9.8% for trauma-related diagnoses. The remaining admission diagnoses were cardiovascular (27.5%), respiratory (19.3%), gastrointestinal (14.6%), and other (15.2%). The mean age was 60.2 years, duration between hospital admission and ICU admission had a mean of 1.17 days, and the mean acute physiology score was 38.4. Of the 1,645 patients, 123 (7.5%) were sedated and thus could not have their GCS taken. However, 149 of the 540 patients (27.5%) receiving mechanical ventilation were sedated. Except for the readmission rate, the characteristics shown in Table 1 were close to what was seen in the entire APACHE database for admissions in the past few years (12) .
There were 42 ventilated patients who did not have a verbal component per decision by the assessor (2.6% of all patients 
Association of the GCS and FOUR Score With Mortality
The AU-ROC of predicting hospital mortality using the GCS was 0.684 (95% CI, 0.641-0.723), using the FOUR score the AU-ROC was 0.702 (95% CI, 0.661-0.744). This difference between the AU-ROCs had a value of p equal to 0.078. The AU-ROC of predicting ICU mortality using the GCS was 0.715 (95% CI, 0.663-0.768), whereas using the FOUR score resulted in an AU-ROC of 0.742 (95% CI, 0.694-0.790). Despite the CIs for the two LOC measures overlapping, the difference between AU-ROCs for ICU mortality was significant (p = 0.001). This arose because of the high correlation between the GCS and FOUR score. Table 2 shows the results from the multivariable logistic regression models. The FOUR score had an odds ratio of hospital mortality equal to 2.76 for a level of change (decrease of four points), whereas the GCS had an odds ratio of hospital mortality equal to 2.04 for a level of change (decrease of three points). Both measures had a significant interaction with whether or not the patient was ventilated. Because the interaction term in each model was positive, the increased risk of greater severity (GCS or FOUR score) was attenuated for ventilated patients. For ICU mortality, the results mimicked those from the models of hospital mortality with one important exception; only the FOUR score had a significant interaction with whether or not the patient was ventilated. The difference in the Brier scores arising through substituting the FOUR score for the GCS indicates that the former improved predictive accuracy. Figure 2 shows the relationship between predicted hospital and ICU mortality from the multivariable logistic regression model for decreasing (i.e., worse) GCS and FOUR score, respectively. The predictive model using the FOUR score gave a much wider range of predicted mortality than the model using GCS. The mortality at the worst FOUR score value was 61% versus 38% for the worst value of the GCS. The analysis of hospital mortality after eliminating patients with a missing GCS verbal component produced results almost identical to that of the complete dataset. Figure 3 shows the mortality rates by the components of each score. Because the middle ranges of each component did not have sufficient numbers for analysis, we aggregated these categories into a single level. Comparing the FOUR score with the GCS, in terms of hospital mortality, the rate by level was virtually identical for the eye and motor components. The respiratory and brainstem reflex components of the FOUR score predicted a much wider range of mortality than the verbal component of GCS. For ICU mortality, the comparison of FOUR score with GCS was similar to that for hospital mortality with one exception: the verbal component of GCS showed no difference in mortality rate between moderate (2-4) and good (5) levels.
DISCUSSION
In this study of critically ill patients, we compared the GCS with the FOUR score and found that ICU mortality can be better predicted using the FOUR score. A similar result was found for predicting hospital mortality although the difference between AU-ROCs approached statistical significance (p = 0.08). When we further analyzed mortality by components of each LOC score, it was evident that the FOUR score improved prognostication by virtue of its brainstem and respiration component. This illustrates that brainstem damage and failure to maintain adequate ventilation is a reflection of injury severity. No difference was found between the eye and the motor components of both scales, but this is not surprising given that they are very similar. The reduction measures how much the full model reduces the Brier score versus the null model (automatically giving each patient a probability equal to the mortality rate).
The results presented here suggest there may be a benefit from substituting the GCS with the FOUR score in multivariable predictive models. Using the GCS restricted the model's ability to yield mortality predictions above 40%, whereas using the FOUR score in a multivariable model increased the upper range of predicted mortality for patients at extreme risk.
Concerns exists with accurate use of the GCS (13, 14) , especially when measuring the GCS for intubated patients, who represent approximately 30-40% of all ICU admissions. Clinicians may choose to omit this component but that will result in an incomplete score. However, an assessment of the verbal component for a patient unable to articulate provides little value. Thus, the GCS cannot yield cogent information for intubated patients, and its measurement in that group of patients is not consistent across ICUs. In this study, one hospital elected not to measure the verbal component of GCS for intubated patients, whereas the other four hospitals endeavored to assess a score despite the limitations imposed by patients being intubated. of several respiratory patterns that emerge with decreasing levels of consciousness. The FOUR score's validity and reliability has been tested in multiple hospital locations (15, 16) , within different physician and nursing specialties (9, 17) , in several countries around the world (17) (18) (19) (20) (21) , and in specific neurologic conditions (22) . Inter-rater agreement in our prior study was excellent with a similar distribution of patients (9) .
A number of limitations should be acknowledged. First, our patient cohort was obtained from five hospitals during a relatively short observation period. This study's results would be bolstered by other studies that enroll a larger number of patients across the entire acuity spectrum, and within more hospitals. Second, both scales were calculated shortly after admission to the ICU. Multivariable predictive models such as APACHE use the worst value obtained during the first 24 hours in the ICU. Third, our patient population involved mostly patients with nonprimary neurologic injury, but the FOUR score also reflects secondary injury of the brain caused by sepsis or shock, or other major physiologic derangements. Finally, although our study's results indicate that the FOUR score may be a better predictive measure than the GCS, clinicians may be reluctant to change how they measure LOC. Deadoption of an accepted measure, especially one that has been in use for decades, may be difficult to achieve but there are common examples (23) . The fact that the FOUR score can be measured for patients that are intubated might facilitate this transition; however, the present study suggests that it might be advantageous to assess the FOUR score in all critically ill patients.
CONCLUSIONS
This study demonstrates that the FOUR score may be more accurate than the GCS in predicting ICU mortality. Whether it predicts hospital mortality accurately or has any impact on functional and cognitive outcome of ICU survivors will have to be validated in a larger cohort with long-term follow-up.
